The 4øAr/39Ar ages on igneous minerals will be similar to crystallization ages only if cooling was rapid (e.g., shallow level dikes). Many of the dated plutons are small and were intruded into rocks having ambient temperatures of <350øC. Such small intrusions would be expected to cool quickly below the -500øC closure temperature for hornblende. Many of these plutons, however, consist of two or more phases, so the temperature may have remained elevated by continual addition of heat from new intrusions, especially if substantial volumes of magma were transported through the plutonic complex.
1982].
The base of the Josephine-Galice thrust sheet (Smith River subterrane) is exposed along its northern boundary where it structurally overlies intrusive rocks of the Chetco complex along the Madstone Cabin thnkst ( The Rogue Valley subterrane includes the Rogue Formation, a thick sequence of mafic-to-silicic breccias, tuffs, and minor lava flows (Figure 4a ) [Garcia, 1982; Riley, 1987] . The Rogue has yielded a 157ñ1.5 Ma U/Pb zircon age [Saleeby, 1984] and is conformably overlain by tuffaceous chert and flysch of the type Galice Formation [Pessagno and Blome, 1990; Harper, 1989] . The Cralice flysch is virtually identical in lithology, petrography, chemistry, and age to the "Catlice" flysch overlying the Josephine ophiolite (Figure 4b) [Harper, 1983 [Harper, , 1989 Both the Smith River (Josephine-Galice) and Rogue River subterranes were regionally metamorphosed to low grade and intruded by calc-alkaline magmas during the Nevadan orogeny [Harper and Wright, 1984] . The Catlice Formation in both subterranes has a generally east dipping slaty cleavage, a gently plunging stretching lineation, and variably plunging fold axes [Park, Jones, 1988; Riley, 1987; Jones, 1988; Harper, 1980 Harper, , 1989 Harper, , 1992 .
The Rogue Valley subterrane is thrust over a mafic batholith (Chetco complex) along the Pearsoil Peak thrust (Figures 2 and  3 ). This thrust has received little study, but the following evidence suggests it is a continuation or splay of the Madstone Cabin thrust: (1) the Chetco complex forms the footwall of both thrusts, (2) rocks beneath both tlm•._sts were strongly deformed under amphibolite facies conditions and have a north-northeast mineral lineation [Ramp, 1975; Dick, 1976; Loney and Himmelberg, 1977; Yule and Saleeby, 1993] , and (3)muscovite from deformed granitic rocks beneath both thrusts have yielded ages of -•150 Ma [Hotz, 1971; Dick, 1976; Ramp, 1984;  this study].
The Chetco complex (Dry Butte subterrane) is a batholith consisting predominantly of hornblende gabbrobut ranges from gabbro through quartz diorite [Wells et al., 1949; Dick, 1976] . It is similar in age to the Rogue Formation and probably represents the plutonic roots of the Rogue Formation [Dick, 1976; Harper and Wright, 1984] . 
The western boundary of the Western Klamath terrane is a Cretaceous thrust fault (Valen Lake thrust/South Fork fault) which tnmcates the Madstone Cabin thrust (Figure 2
)
IVIE•ODS AND ANALYTICAL PR.••S
Age determinations by the 4øAr/39Ar incremental heating method are listed in The 4øAr/39Ar ages on igneous minerals will be similar to crystallization ages only if cooling was rapid (e.g., shallow level dikes). Many of the dated plutons are small and were intruded into rocks having ambient temperatures of <350øC. Such small intrusions would be expected to cool quickly below the -500øC closure temperature for hornblende. Many of these plutons, however, consist of two or more phases, so the temperature may have remained elevated by continual addition of heat from new intrusions, especially if substantial volumes of magma were transported through the plutonic complex.
Zircon U/Pb age data are presented in Table 2 , and the locations of the samples are given in Appendix A (available on microfiche). Notes on analytical procedures and assessment of uncertainties are given in the footnotes of Table 2 . A more indepth discussion of procedures and uncertainties is given by Saleeby et al. [ 1989b] . Discussion of the zircon data centers on 2ø7pb/2ø6U versus 238U/2ø6pb concordia plots [Tera and Wasserburg, 1972] . For samples that are concordant, or very nearly concordant, and are of a restricted age range, the graphic relations are shown in a plot where equivalent segments of concordia are stacked with a common abscissa (Figure 6 ). This plot facilitates close examination of relations between concordia and error bars, which is particularly useful for geologically related samples. In the discussion of the zircon data, internal concordance is defined as agreement of the U/Pb and Pb/Pb ages of a given analysis within analytical uncertainty. It is expressed graphically by the intersection of the error bars with concordia. (Figure 4d ). The breccia is apparently a talus deposit derived from the underlying ophiolite [Wyld and Wright, 1988] . The two samples are clasts conta'ming hydrothermal hornblende, and retrogressive metamorphism is evident from the presence of albite, chlorite, epidote, prehnite, and pumpellyite. Sample OB-1 is a plagiogranite containing 15% quartz and relict clinopyroxene largely replaced by yellow-brown hornblende, whereas sample OB-4 is a metagabbro having mottled brown and green hornblende. Both samples display complex age spectra which are the result of nonatmospheric trapped Ar as evident from the isochron diagrams (Figure 7b and 7c) [Dick, 1976] . A -25 kg sample of the pegmatite yielded -3 mg of free, uniform, well-faceted zircon that was free of inclusions or cores.
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Amphibolite
Analysis of this zircon separate (sample 5, J-113-7) yielded an internally concordant age of 151+1 Ma (Table 2 and Figure 6b) and is considered to be an igneous age.
Deformed igneous muscovite from this dike exhibits a release spectrum having a linear age gradient ranging from 146 to 150 Ma (Figure 8c ). The gradient is interpreted as slow cooling through the closure temperature for muscovite (-350øC Sample 1-89-1 is a gneissic metagabbro located a few meters below the Madstone Cabin thrust along its northern strand [Dick, 1976] . Igneous hornblende and plagioclase are both largely recrystallized. In addition to strongly deformed metagabbro, outcrops at this locality include isoclinally folded amphibolite. Amphibolite at this locality has been mal•ed as either thin or absent [Ramp, 1975; Dick, 1976 (Table 1) [Dick, 1976] .
A hornblendite (LCHB, Table 1 (Table 1) [Dick, 1976] . This age records cooling below-500øC and must be, at most, only a few million years younger than the igneous age since the hornblende pegmatite unit cuts older deformed phases of the Chetco complex dated at156 to 161 Ma (PbFU zircon ages [Yule and Saleeby, 1993] The hornblende and muscovite ages imply that the 151 Ma pegmatite dike (zircon age) was intruded into amphibolite that was at temperatures near the amphibolite-to-greenschist facies transition. This conclusion is supported by the field and textural relationships suggesting syntectonic intrusion of the pegmatite.
The beginning of movement on the Madstone Cabin thrust is contained to be younger than the ophiolite (-162 Ma) and younger than deformed intrusions of the Chetco complex (156 to 160 Ma [Yule and Saleeby, 1993] Calc-alkaline dikes, sills, and plutons are common in the Josephine ophiolite and overlying Galice Formation. Most of the dikes and plutons are mafic in composition, but they range from mafic to granitic. These intrusions are abundant east of the longitude of Gasquet, but are rare west of this longitude [Dick, 1976; Harper, 1984] . The calc-alkaline affinity of the intrusions is apparent from the abundance of hydrous phases, porphyritic textures, and geochemistry [Dick, 1976; Harper, 1980 Harper, , 1985 Norman, 1984] . The dikes and sills have clearly shared in the Nevadan regional metamorphism, and many are also deformed [Harper, 1984 [Harper, , 1992 
Intrusions Cutting the Galice Formation
Sills in Galice Formation. Two sills (D24 and D26) were dated from the basal part of the Galice Formation 10 km northeast of Gasquet. This locality is where a depositional contact with the Josephine ophiolite is exposed [Harper, 1983] and where detailed radiolarian biostratigraphy has been done [Pessagno and Blome, 1990] .
Sample D24 is a boudinaged sill within slaty argillites of the basal hemipelagic sequence. The age spectrum for relict igneous hornblende is unusual in that an age gradient is evident from 130 to 150 Ma (Figure 1 la) . The regional metamorphic grade at this locality is only prehnite-pumpellyite facies, so the age gradient cannot be the result of slow cooling through the closure temperature of unexolved igneous hornblende (-500øC). The 150 to 130 Ma gradient is probably the result of continued degassing of a low retention site in the hornblende during regional cooling. Ihe igneous age for this sill is interpreted to be 150.5+1.4 Ma based on a plateau defined by the six highest temperature steps. Sample D26 is a sill from the same locality as D24 but is located farther up section within thick bedded graywacke. The sill is largely recrystallized to metamorphic minerals and has fibrous extension veins related to formation of slaty cleavage in the Galice [Harper, 1992] . Relict igneous hornblende gives a well defined isochron age of 146.2+1.0 Ma (Figure 1 lb) which is considered to be an igneous age.
Lower Coon Mountain pluton. The Lower Coon Mountain pluton is a sill-like body that intrudes the lower part of the Galice Formation (Figure 2) . Deep erosion has exposed both the floor and roof of the pluton, and the maximum thickness is >300 m [Harper, 1980] (Figure 13b and 13c) , respectively. The 147.9 Ma age for K85-26 is interpreted to be an igneous age as well as a hornblende cooling age because the sample is from a dike along the margin of the pluton and thus probably cooled rapidly. This interpretation is consistent with the 146+3 Ma zircon age obtained for this sample.
In summary, the data suggest an igneous age of-148 Ma for the Pony Peak pluton, at least for the younger phase. The pluton must postdate virtually all of the >40 km displacement on the Orleans thrust because the pluton cuts the thrust and contact metamorphoses both the upper and lower plates. Nevertheless, the pluton is apparently syntectonic as evident from the dynamic contact aureole and high-temperature deformation in the pluton, implying that Nevadan deformation continued after movement on the Orleans thrust ceased. The Grants Pass pluton is mostly quartz diorite and quartz monzonite, but varies from diorite to granodiorite [Hotz, 1971 , Barnes et al., 1992 . Much of the pluton has an igneous foliation and lineation, and subsolidus fabrics are locally present. Intrusion overlapping with deformation was noted at several localities, but it is particularly evident in exposures on the Applegate Pdver, along the southwest margin of the pluton: quartz diorite having an igneous foliation and flattened xenoliths is cut by granitic dikes, some of which have mylonitic fabrics; these rocks are in turn cut by fme-grained mafic dikes that have been sheared parallel to their margins, resulting in lineated amphibolite having asymmetric perphyroclasts and shear bands. As with the Summit Valley and Pony Peak plutons, the preliminary observations on the Grants Pass pluton shows that it postdates major displacement on the orleans thrust yet has a dynamic contact aureole and was internally deformed during the period of magma intrusion.
Grants
Geochronology. A uniform, inclusion-free domain of a granodiorite exposed on the Rogue Pdver was sampled for zircon dating. The sample has a weak igneous foliation, and only minor solid-state deformation is evident (kinked biotite and microstinctures in quartz). U/Pb age data from four zircon fractions are plotted on the concordia diagram (sample 1, Figure  6a ). The data are dispersed away from the lower intercept of 139•2 Ma and project to an upper intercept of 1792 +168/-189. These data are clearly indicative of an inheritance/entrainment discordance mechanism, although the imperfection of the linear array suggests isotopic heterogeneity in the contaminant zircon. The proximity of the data for the oeme fraction to concordia strongly constrains the lower intercept at 139-•2 Ma, which is taken to be a close approbation to the igneous age of the sample. This age is concordant with a previous K/At hornblende age of 139*-4 Ma from a quartz monzonite located several km to the northwest [Hotz, 1971 ] The m'mimum westward displacement along the Orleans thrust is >40 km based on its outcrop pattern (Figures 1 and 2) , and Jachens et al [1986] have estimated >110 km displacement based on geophysical data. Structural evidence for west or northwest directed thrusting of the older Klamath terranes over the Western Klamath terrane has been presented by many workers [Snoke, 1977; Harper, 1980 Harper, , 1992 Gray, 1985; Wyld, 1985; Jones, 1988; Harper, 1992 The numerous dikes and sills intruding the Josephine ophiolite and Galice Formation were previously considered to be pre-Nevadan because they are regionally metamorphosed and many are deformed [Harper, 1980; Saleeby et al., 1982; Harper and Wright, 1984; Wyld, 1985] . Deformation must have started by -150 Ma, however, because some of the dikes are intruded into small precleavage thrust faults in the Galice Formation [Harper, 1992] The relationship between foliation in the Grants Pass contact aureole and slaty cleavage in the Galice Formation needs further study, but the White Rock pluton farther north, which has a similar structural setting and age (141 Ma K/At biotite), has a dynamic contact aureole that overprints slaty cleavage [Kays, 1992] . Pluton intrusion was associated with (1) folding of the slaty cleavage in the Galice (F 2 folds), locally associated with a crenulation cleavage and lineation, and (2) regional greenschistto amphibolite-facies metamorphism [Kays, 1992] . F 2 folds are widespread in the Western Klamath terrane and have been interpreted by most workers as post-Nevadan [Snoke, 1977; Harper, 1980; Norman, 1984; Wyld and Wright, 1988; Cashman, 1988] . The structural relationships in the Grants Pass and White rock plutons, however, as well as the local presence of a crenulation cleavage sometimes associated with neocrystallization of mica [Norman, 1984; Gray, 1985; Cashman, 1988] 
